Introduction ! In 2011 the Food and Drug Administration (FDA-USA, the US food-monitoring and medical product approval agency) granted its first ever approval for the use of mobile image display systems for radiological diagnostics [1] . Since then nearly all PACS (Picture Archiving and Communication System) suppliers have supplemented their stationary radiological imaging systems with mobile units (iPad, tablet, tablet computer, tablet PC, touch-PC), enabling users to call up radiological image information from any location. This also allows the images to be promptly forwarded to the referring physicians or the patients themselves, reducing or eliminating the expenses associated with acquiring film, printing images or creating CDs. Images can also be sent this way to additional physicians for a second opinion or presented at advanced training seminars. Compared to stationary radiological imaging systems and PACS archives, mobile image display systems have a significantly reduced range of functions. Using manufacturer data and publically accessible information, this article compares the features of mobile image display systems of various PACS providers in terms of operating system, connection to stationary PACS, data security and the range of imaging functions. The article also examines to what extent these systems meet the requirements of the German Medical Devices Act and the German X-ray ordinance.
Material and methods ! PACS suppliers were asked to provide information on the technical features of their mobile image display systems by completing a standardized questionnaire (data gathered in the fall of 2013). A total of 17 suppliers (18 mobile image display systems) participated in the survey ( • " Table 1 ). The questionnaires were supplemented with follow-up telephone calls to individual suppliers and by viewing specifications published on the internet. The following information was gathered:
▶ the brand name of the mobile imaging system, ▶ the operating system used by the mobile imaging system, ▶ the type of software installed on the mobile imaging system, ▶ type of connection between the mobile imaging system and the stationary PACS, data security, ▶ quality of the transmitted images, ▶ DICOM (Digital Imaging and Communications in Medicine) functions ▶ image presentation and image analysis functions, ▶ certification
We also examined to what extent the technical specifications of the mobile image display systems satisfy the provisions of the German Medical Devices Act, Quality Assurance for X-ray Devices, DIN 6868 -57 as well as the future DIN 6868 -157.
Results

!
Among the mobile image display systems examined, there are two basic approaches to operating system employed ( • " Table 2 ). With the operating-system-specific approach (6/18), both the operating system and the hardware are prescribed (in 5/18 cases the iOS operating system from Apple (Apple Inc., Cupertino, CA, USA) with the iPad as hardware). The user loads an application (app) available online from the PACS supplier that contains operating system-Schlussfolgerung: Mobile Bildwiedergabesysteme stellen eine Ergänzung zu stationären PACS dar und sind für die Bildbetrachtung einsetzbar. Die Auswirkungen der neuen Qualitätssicherungs-Richtlinie (QS-RL) sowie der in Kürze erwarteten neuen Norm DIN 6868 -157 auf die Abnahmeprüfung der mobilen Bildwiedergabegeräte für die Bildbefundung werden diskutiert. specific radiological image presentation functions. The second approach (12/18) is to use the internet browser independently of operating system to display the images (webbased). In addition to offering web-based display in the internet browser, 4 of these 12 systems offer apps for the iOS (Apple) (2/18) or the Android operating system from Google (Google Inc., Mountain View, CA, USA) (2/18). Data can be transmitted via Wireless Local Area Network (W-LAN) (18/18) or and/or mobile phone network (18/18) according to hardware used ( • " Table 3) .
Generally, network connection is established directly with the PACS server at the medical office or hospital. In 7 of 18 systems there is the option of connecting to the PACS supplier's external server in which imaging data previously received from the medical office or hospital has been archived (external cloud solution) ( • " Table 4 ).
Data security is ensured through data encryption in the majority of systems (16/18). Of 18 systems, only 5 anonymize patient images ( • " Table 5 ). Zero-footprint technology, which means that absolutely no traces of data are left behind once the application is closed, is employed in 11 of 18 systems.
Images are transmitted without image data compression in 13 of 18 cases. In 13 of 18 mobile image viewing systems, compressed image formats are transmitted in lossy JPEG format. The user can select between these two formats in 8 of 18 systems ( • " Table 6 ).
The DICOM functions of most mobile image display systems are limited to simple functions such as patient list (17/18) or DICOM query/retrieve (12/18). Additional DICOM functions such as work list management or hanging protocols are available on only 6 and 5 of 18 systems, respectively Table 8 ).
CE certification with conformity assessment procedure in accordance with the German Medical Products Act is available in 14 of 18 systems. Of the remaining 4 systems, 3 plan to have or have applied for CE certification ( • " Table 9 ). operating system-specific with own application (App) iOS (Apple) 5 operating system-specific with own application (App) iOS (Apple) and Android (Google) 1 not operating system-specific, web-based without (optional) app with web browser 8 not operating system-specific, web-based with (optional) app iOS (Apple) 2 not operating system-specific, web-based with (optional) app iOS (Apple) and Android (Google) 2 [10] , CT scans in cases of appendicitis [11] and computed tomography angiograms (CTA) of the pulmonary arteries for diagnosing pulmonary embolisms [5, 12] . Nearly all studies found no significant differences in terms of diagnostic quality among the systems being compared. One study detected significantly worse results for the iPad when it came to diagnosing cerebral infarctions [6] . With mobile image display systems becoming increasingly common in routine clinical medicine, it was expedient to examine the features of several of these systems in terms of operating system, link to stationary PACS, data security and range of functions. There are two different approaches for establishing software connection between the mobile viewing system and the stationary PACS. The first approach is specific to operating system. In this case, the mobile display system user obtains a small manufacturer-specific radiological image processing program (app) from a "store" (App Store (iOS) or Google Play Store (Android)) and installs it. Among the systems examined, this solution is used primarily for the iOS system. The other approach is through web-based solutions which are not specific to any operating system and use the mobile web browser for displaying radiological images. This approach thus also allows the connection of external PCs and laptops. Data is transmitted from the PACS (server) to mobile viewing system (mobile client) via a local wireless network (WLAN) or a mobile phone link. • " [13] . It must also be taken into consideration that mobile phone network providers currently impose limits on data volumes transmitted in fast mode, which, in less favorable cases, are exceeded with simply the transmission of 10 MRI examinations per month. The mobile phone network provider's considerably slower transmission rate (for example 64 kbit/s) taking effect upon maximum data volume being reached is not suitable for the rapid transmission of extensive examinations.
Pursuant to § 28 Paragraph 5 Clause 2 of the German X-ray ordinance (RöV) compression of X-ray image files is permitted as long as it does not compromise the diagnostic value of the images (14) . A consensus conference was held that specified permissible compression factors for the different examination modalities as well as for the archiving of radiological image data and the teleradiological data transmission to ensure that the image quality required by the German X-ray ordinance is maintained ( • " Table 10 ) [15] . The results of this consensus conference influenced the recommendations of the Radiation Protection Commission regarding data compression in X-ray images [16, 17] . The individual suppliers also offer two different methods for connecting to the PACS. With the first method, the mobile image viewing system logs directly into the local network (PACS in hospital or medical office) as a client. With the second method, the stationary hospital/medical office PACS sends the image data to a PACS provider server, where it is then archived (external internet server, external cloud) and can be called up by mobile devices via the internet. Data security is ensured through data encryption in the majority of systems. Only a few systems anonymize patient images. Data security is essential not only for data transmission, but also for protecting patient data on the mobile system itself is essential. This is especially important when a device is lost. With zero-footprint technology, patient data and images are ideally saved only to the RAM of the mobile device and are no longer available on the image viewing system once the mobile image viewing application has been closed. As a "slim client" the mobile image viewing system receives the data from the server similar to the "streaming" of a movie. Another aspect of this technology is the shifting of complex computing activities such as 3 D computations to the server, thus taking workload off the mobile device. With regard to the image display and analysis functions, the systems differ very little in terms of standard functions, which are limited to the basics. Three-dimensional reconstructions and special analytical programs are generally not available on mobile systems. Pursuant to the German Medical Products Act, products of medical nature must undergo a conformity assessment procedure documenting that they meet the protection and safety goals of the Medical Device Directive [3, 18] . Mobile image display systems and associated software used for medical purposes fall under this category of products. Only after the manufacturer has documented the harmlessness of its product in accordance with the German Medical Products Act and has issued a "Declaration of Conformity" may it affix the CE mark. Products falling under a higher risk class are subject to review by an external body ("Notified Body"). PACS software (e. g. for the archiving and evaluation of image data) is generally marketed as a class IIa medical product throughout the entire European Union. A product is legally required to bear the CE mark before it can be used in the medical field. However, a CE mark does not mean that the mobile image viewing system is approved for the evaluation of conventional X-ray images or CT scans. The act of "evaluation" is to answer diagnostic inquiries and possibly provide the basis for a medical decision, while the act of "viewing" is strictly for the purpose of medical information, demonstration and monitoring. Image-viewing systems used solely for viewing purposes are not subject to quality assurance pursuant to § 16 of the German X-ray ordinance (RöV). When a device is used solely for viewing, the presentation of diagnosis-relevant image content may be limited by lower spatial and contrast resolution or lower light density. When it comes to "viewing" X-ray images there are merely quality recommendations for image viewing systems, which, unlike the requirements for "evaluation", are not binding. The acceptance test for an image viewing system to be used for evaluating X-rays or CT scans (MRI examinations are not affected) is subject to the most recent version of the "Guide- ▶ The approval of mobile image display systems for radiological evaluation by foreign authorities (e. g., FDA approval) does not replace the approval of systems under German law pursuant to the German X-ray ordinance (RöV).
▶ With regard to the connection of tablet PCs to the stationary PACS, it must be noted that several suppliers' stationary PACS do not support tablet systems using the Android operating system. The iOS operating system in contrast is supported by all stationary PACS regardless of supplier.
▶ The mobile network transmission of MRI and CT scans to the mobile image display system requires fast mobile network standards such as HSDPA (High Speed Downlink Packet Access) or LTE (Long Term Evolution). 
